Aims and Objectives: To study "Honeycomb" pattern of gallbladder wall thickening (GBWT) in dengue fever (DF) and to assess its clinical significance in early diagnosis of severe DF. Materials and Methods: A total 244 patients of DF were studied, 84 patients were classified as severe DF, 61 patients as DF with warning signs, and 99 patients as DF without warning signs. Abdominal ultrasound was performed for assessment of GBWT patterns, hepatomegaly, splenomegaly, pancreatic enlargement, ascites, pleural effusion, and other additional findings were recorded in severe DF cases. Statistical comparison between "Honeycomb" pattern of GBWT and clinically severe DF was done using Pearson correlation test. Results: Out of 244 patients, 145 patients were males and 99 patients were females, belonging to various age groups ranging from 1 to 81 years and 14.34% (35 patients) among them included in pediatric group. In total, 65.57% (160 patients) were non-severe DF cases and 34.42% (84 patients) were severe DF cases. A total of 84 patients of severe DF, 92.85% patients showed GBWT, and out of which, 71.42% patients had "Honeycomb" pattern, whereas a total of 160 patients of non-severe DF patients, 45% patients had GBWT and out of which, only 5.6% patients showed "Honeycomb" pattern."Honeycomb" pattern of GBWT shows sensitivity of 71.4%, 94.37%, Positive predictive value of 86.95%, and Negative predictive value of 86.28% in severe DF. Conclusion: "Honeycomb" pattern of GBWT is significant finding in severe DF. Its sensitivity and specificity are high in severe DF with significant statistical correlation. It can aid in early diagnosis of severe DF.
Introduction
Dengue fever (DF) is a viral disease transmitted by mosquitoes. It has emerged as a major public health problem affecting life of millions of people worldwide each year. [1] Many recent epidemics have shown that ambiguity of clinical findings in severe DF, delays the diagnosis and treatment. [2] Gallbladder wall thickening (GBWT) is one of the most common ultrasound (USG) finding in DF. Few recent studies have confirmed that GBWT can play a significant role in assessing patients at risk of developing severe DF. [3, 4] The patterns of GBWT including "Honeycomb" pattern and its importance in diagnosis of severe DF have been described by few authors. In view of paucity of literature regarding role of "Honeycomb" pattern in diagnosis of severe DF, [5] [6] [7] we conducted a prospective study with primary aim of examining "Honeycomb" pattern This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. Gastro-IntestInal ImaGInG of GBWT in DF. The secondary aim was to study the clinical significance of "Honeycomb" pattern in early diagnosis of severe DF.
Materials and Methods
The study was conducted at two different multispecialty hospitals of India in 2016. Out of total 244 patients of DF (108 patients in "hospital A" and 136 patients in "hospital B"), 84 patients were classified as having severe DF, 61 patients as DF with warning signs, and 99 patients as DF without warning signs. The classification was done according to "suggested dengue case classifications and levels of severity" proposed by WHO in 2009. [8] There was no gender bias followed and the study included patients of all the age groups. The study design is outlined in Table 1 .
The clinical manifestations of DF included fever, headache, retro-orbital pain, muscle-joint pain, nausea-vomiting, rash, leukopenia, and thrombocytopenia. The diagnosis of DF was confirmed by NS1 antigen test or Dengue IgM or IgG antibody test. [9] Abdominal ultrasound was performed on a GE LOGIQ P5 unit, equipped with a 4C wide bandwidth (1.5 to 4.6 MHz) convex probe and 11L wide bandwidth (4 to 12 MHz) linear probe. The linear probe was used for pediatric patients. The abdominal ultrasound was done in all cases after 4 hours of fasting for better visualization of the gallbladder (GB). A single radiologist performed the ultrasound examinations to obviate inter-observer variation. The performing radiologist was blinded for the study.
A thickened GB wall was defined as being ≥3 mm and was measured by placing calipers between the two layers of anterior wall. GBWT was measured, and the "Honeycomb" pattern of GBWT was identified as multiple hypoechoic areas separated by multiple echogenic layers. The sensitivity of "Honeycomb" pattern in diagnosis of severe DF was assessed. In addition, the statistical comparison of "Honeycomb" pattern was assessed between severe DF and non-severe DF.
Other patterns of GBWT, hepatomegaly, splenomegaly, pancreatic enlargement (whenever detected on sonography), ascites, pleural effusion, and other additional findings were recorded for severe DF.
The cases of liver parenchymal disease, hepatobiliary disease, renal parenchymal disease, and cardiac failure were excluded from the study.
Ethics statement
Institutional ethics committee and scientific research committee of both institutes approved the study.
Informed consent
All adult subjects and the parent/guardian of the pediatric subjects provided informed written consent.
Statistical analysis and methods
Statistical testing was conducted with the Statistical Package for the Social Sciences (SPSS) software. The comparison between "Honeycomb" pattern of GBWT and clinically severe DF was done using Pearson correlation test [Correlation is significant at </=0.01 level (2-tailed)].
Results
Total of 244 patients were admitted with DF with 145 males (59.42%) and 99 females (40.57%), belonging to various age groups, ranging from 1 to 81 years. Thirty-five patients were included in pediatric group. In total, 160 patients (65.57%) were having non-severe DF and 84 patients (34.42%) were classified as severe DF. There was no mortality recorded in subjects during the hospitalization.
Of the total admitted DF patients, 150 cases (61.47%) demonstrated GBWT. Among severe DF cases, GBWT was most common USG finding and was found in 78 (92.85%) cases. Out of 160 cases of non-severe DF, only 72 patients (45%) had GBWT [ Figure 1 ]. "Honeycomb" pattern was the most common pattern among various GBWT patterns in severe DF, whereas normal wall thickness was most common in non-severe DF and "Uniform Echogenic" pattern being second most.
"Honeycomb" pattern was found in 60 (71.42%) severe DF cases [ Figure 2 ]. However, only 8 (5.6%) cases out of 160 non-severe DF cases showed "Honeycomb" pattern. Various patterns of GBWT in severe and non-severe DF are summarized in Table 2 .
In severe DF, ascites (79.76%) and pleural effusion (63.1%) were second and third most common findings respectively with splenomegaly (45.23%) and hepatomegaly (41.66%) being relatively less common findings [ Table 3 ].
The sensitivity of "Honeycomb" pattern in diagnosis of severe DF was 71.42% with positive predictive value of 86.95% and specificity of 94.37% with negative predictive value of 86.28% [ Table 4 ]. On multivariate analysis, GBWT was significantly associated with severe DF. GBWT with "Honeycomb" pattern was the most specific finding in severe DF in present study and significantly associated with severe DF [ Table 5 ].
Discussion
The incidence of DF has grown dramatically around the world in recent decades with manifolds increase in severe DF related deaths. The diagnosis of DF is suspected on the basis of clinical findings, laboratory results, and confirmed by serologic detection of the virus, antiviral antibodies, or virus culture from a blood sample in the acute phase. [1, 2, 9] The results are often too late, therefore, additional diagnostic modalities for use in emergency of suspected DF patients are being increasingly sought. Although not specific, the USG findings in DF are obtained more rapidly than the results of serologic tests. Many early USG findings of DF have been reported in the literature, GBWT being the most common. [3, 10, 11] Recently, various patterns of GBWT have been described in DF according to disease severity. [12] As demonstrated by this study GBWT was the most common USG findings in DF, with GBWT being more common in severe DF as compared to non-severe DF. Many studies conducted in severe DF by many authors recently, demonstrated similar findings as the present study, stating GBWT being the most common finding in DF, and specifically in severe DF. [3] [4] [5] [6] 10] Various non-biliary conditions causing GBWT, including ascites, hypoalbuminemia, portal venous hypertension, end-stage cirrhosis, various types of hepatitis, pancreatitis, chronic heart failure, and renal insufficiency, were excluded from the present study. These causes should be kept in differentials, as GBWT is a non-specific finding. [13] [14] [15] However, in an epidemic region of DF, patient presenting with fever, headache, retro-orbital pain with USG findings of GBWT, ascites, pleural effusion, hepatomegaly or splenomegaly, the diagnosis of DF should be considered first. [11] Among specific patterns of GBWT, "Honeycomb" was found to be more common in severe DF [ Figures 3 and 4] . [12] Few authors have described this pattern previously, stating its importance in early diagnosis of severe DF. [5, 7 ] Sachar et al. found "Honeycomb" pattern in 19 out of 20 patients of severe DF (95%), whereas the present study demonstrated "Honeycomb" pattern in 71.4% of severe DF cases. [7] The difference might be because of difference in the sample size, as Sachar et al. had very small sample size of 20 cases of severe DF only, and the present study included 84 cases of severe DF. "Honeycomb" pattern of GBWT is statistically correlated with severity of DF. One of the authors has described transient reticular GBWT in severe DF as a reliable sign of plasma leakage. [6] With sensitivity of 71.4%, specificity of 94.37%, PPV of 86.95%, and NPV of 86.28%, "Honeycomb" pattern of GBWT can favor diagnosis of severe DF in epidemic areas of DF with appropriate clinical scenario.
The limitations of this study were that serial sonography was not done. There was no follow-up available once the patient was discharged from hospital.
This type of pattern of GBWT can also be seen in acute cholecystitis or gangrenous cholecystitis; however, there is mild difference in the findings, as in acute cholecystitis, GB calculus is associated finding in calculus cholecystitis, and sloughed membrane is seen in the lumen in case of gangrenous cholecystitis. Other USG findings of DF included ascites, pleural effusion, hepatomegaly, and splenomegaly, similar to previously described in literatures.
Conclusion
GBWT is important USG finding in diagnosed cases of DF. GBWT when combined with other USG findings such as ascites, pleural effusion, hepatomegaly, or splenomegaly, the suspicion of DF should be raised in epidemic region. "Honeycomb" pattern of GBWT is significant finding in severe DF. Its sensitivity and specificity is high in severe DF with significant statistical correlation, so it can aid into the early diagnosis of severe DF. 
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